
.
&

,

.-:, , i 7
,. ,,~

,--- 6
.=, :‘i- ,. ,-

(“. .

APPENDIX III

REVIEWOF RADIATION PROTECTIONSTANDARDS

The Task Group has considered a number of concepts in devising an approach

t~ guidance for cleanup and rehabilitation of Enewetak Atoll, accepting
)/,;,, > ,

some and rejecting others. ~,~c c&cept that MC recommendations should

consists=of a series of alternatives or fall back positions with the

degree or level of radiation exposure reduction ultimately determined by

some later deliberation based on factors such as availability of funds-

~~ was rejected. The consensus of the Task Group opinion

was that these recommendations should be specific and unequivocal, and

should establish a clear position on what fs needed. To do less

would be unfair to the federal

to perform the rehabili~ations
~..qb,,~

to this agency for A&se.
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, , ,~e judgment of the Task Gropp

agencies who have accepted responsibilities

and to the Enewetak people who are lookin~

is-that ~ehabllitation must $onform with ,
!

:7 ,, * (l-‘“”’~ (-.jrI’lGVh?,I_\ :f-b~-’”’’-ti~ hO ~>; fi~(;~~+q. 6V ‘tV 9’t f;’ “’!- ~YO>:@Sk)/
!? current radiation standardsfi and with good health physics practice in

implementing these standards. A summary of current radiation protection

standards and material related to health risks that nay be associated with :--i..L

standards reviewed and radiation criteria recommended by the Task Group

follows.
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1.* Federal Radiation Colmcil (Y’RC)

Msic 7.,C 2uncrical ,;uiianud and ~lealth protection :ililosop~ly are

similar to those of the ICI!? and HC?~. Radiation ?rotection Guides

(.2’Gts) are provided ~ilicll J&al ‘itith eXpOSUrCS Of individuals and of

population groups. Actions are to be directed primarily toward control

-.
.- ~:le SOU:CJS :;: r~.!ids<cit:lty ~~ re,;t~i,~t enLr-y i;lt~ t~kc envirour,cll~

but also toward control of radioactive materials after entry into the

:.1”,-i:on:x!?t :;: ,yj2r : ; ~:. :+ :..+. ..-.l!:e !..; lIJ-..2L2L. -,,, -V:tu. A..- . .?.;:~r:::.jr. -.I.J-, ..., 7

dose that should not be exceeded wit?lout careful consideration of tlw

reasons for doing so. Every effort should be nade to encourage tl~e

maintenance of radiation doses as far belo:7 t!lis ~uide 3s practicable.

T:le Z.?c’s are intended for USC with norm 1 yacct?m operations. Tlcr2

;;!J(Il,j .;,,. ~fJ .--lT.--~2~2 “;.~~”:t;--; .?:yo~..:r2 “-tt’lo :t ::;;l:c::tion Df

‘benefits from such exposure. Consid2rin~ SUCII?>enefits, exposure at

t!ic ~cvel of t?le RX is consiJcred as an acceptable risk for 3 lifetineo

T.le “.2Cvs for t!le ;>opulation are zxpressed in terns of axxual e:;posurc,

e.;c2p t for t!N2 Zonads, :ilere tile IC!” recoizn~xldcd value of 5 rcns in 3S

years :s used. YIC states t!mt the operational nechanisn described for

,zpplication of criteri~ to Ii:.tit the T7hol12503;7 Jose for indi”ri(lilals tO

9.5 reil per year and t,o linit exposure of a suitable sam,]le of t!lc

population to 9.17 rem per year is likely to assure tilat tile gonadal

exposure Suide will not be exceeded.

‘1’he child, infant, and lmborn infant are ideritified as beinq nore sensitive

to radiation t!mn t?le Xdult. Mposurcs co !Ie compared vit!l the ~uidance

arc to !)e &2r’iveJ for e!le :~ost sensiti’~e nenbers in the ?op~llation. The

,;uid.s for t!le indivi.Jual applies .rlmn individual ,e::;>osurcs are l:nown;



ot!mmise, the :;uide for a suitable sanple (one-t~lird t!lc guide for the

TLle FRC prinary nunerical guides, e:.~rcssed in rm, are ?rovided in two

to all radionuclides througil all patilwa~S to derive a total annual exposure

for comparison with FT~C.~ides. !hmever, for many practical situations a

relatively few radionuclides yield the najor contribution to total

ex?osure; by conyarison, e::posures frol~ others are very snail.

T.4BLE I

FRC RADL4TION PROTECTION GUIDES~’

Whole body

Gonads

Thyroid ~’

Bone marrow

Bone

3/
Bone (alternate–

guide)

Individual

0.5 rem/yr

1.5 rems/yr

0.5 rem/yr

1.5 rems/yr

o.oo3pg of
226

Ra in adult

Population Group

0.17 rem/yr

5 rems/30yrs

0.5 remlyr

0.17 rem/yr

0.5 rem/yr

P0.00 flgof
226Ra

in adult skeleton

skeleton

l_/ For conditions and qualifications see FRC Report Nos. 1 and 2.
~/ Based upona childs thyroid, 2 gms in weight and other factors

listed in paragraphs 2.10-2.14 ofFRC Report No. 2.
226Ra

~/ Or the biological equivalents of these amounts of .



?3. The International Comission on Radiological Protection (IC7?)

The ICW ori@nated in C!le Second International Conqress of %ulioloqy

in M28. It has been looked to as the appropriate body to give ~eneral

-!li ?<mce 011 ‘FL.4i!S”)Tt?:iU .Aie of<, ra,liation sources caused “y ra;><{!

developments in the field of nuclear ener~y. ICW’ recommendations deal

vith the bas?c ?riqc~~~es of r3diatiOn protection. To t!le various

national protection bodies is left the responsibility for introducing the

detailed technical regulations, recommendations, or codes of practice

best suited

the experts

ICRT states

to their countries. itecomendations are intended to guide

responsible for radiation protection practice.

that t!le objectives of radiation protection are to prevent

acute radiation effects and to lirdt the risl:s of late effects to an

acceptable level. It holds t;mt it is unknoTwnwhether a t!lrcsl~old exists,

and it is assumed that even the smallest doses involve a proportionately

mall risk. :1o practical alternative was found to assuming a linear

relationship between dose and effect. This inplies that there is no

wholly “safe” dose of radiation.

Exposllre to natural ‘oack:round radiation carries a probability of causin~

some somatic or heredita~] injury. However, the Commission believes that

the risk resultinq from exposures received from natural bac!::round shoulcl

not affect the justification of an additional risk from nan-mde exposures.

.lccorJin51y, my dose limitations recorcnended by the Cornnission refer only

to exposure resultin; fron tec!mical practices that add to natural bac!c-

112.-04



natural background

recomendatims.

IC71P Jcvcloped the

activities.

exposures fron uncontrolled

recommended. In ~eneral it

only when their social cost

from the exposure. ~ettin~

national authorities.

sources the tern “action level” is

‘will be appropriate to institute counterneas’ures

and risk \tiIl be less than t;~ose resulting

of action levels is the responsibility of

It is not desirable to exposure members of the public to doses as !li@ as

those considered to be acceptable for radiation workers because children

are involved, members of the public do not nalce the choice to be exposed,

and members of the public are not subject to selection, supervision and

monitoring, and are exposed to the rislcs of their

planning purposes, dose limits for members of the

of ten below those for radiation wor!:ers.

own occupations. For

public are set a factor



The ICIU2 dose Iinits for individual members of t!~e public are presented

in T.lble II. ‘;o mxinun “smati.tally significant” Jose for a population

f~ qiven. ‘J% zenetic lose to the population should be kept to the minimnn

mount consistent with necessity and should not exceed 5 rem in 33 years

from all sources other than natural background and medical procedures.

..10 sinf;le t:;pe of ~oDdl.:cicIl L:;posure .sIlould ta?.e up a diSprcpOrtioilztz

sham of the total of the recomendecl dose limit.

1/
ICRP DOSE LIMITS–

Individuals Population

Gonads, red
bone-marrow

Skin, bone,
thy roid

Hands and forearms;
feet and ankles

Other single organs

3/
Genetic dose–

0.5 rem/yr

3.0 rems/yr~’

7.!5 rems/yr

1.5 rems/yr

5 rems/30yrs

~/ For conditions and qualifications see ICRP Publication 9.
~/ 1.5 rems/yr to thyroid of childrenup to 16 years of age.
~/ See paragraphs 84, 85, and 86, ICRP Publication.



(’ ~!ational Council on %diatim Protection and ‘!easurenents~ (;7C7W),.

~llc .!cnk- p{,si~ion is t;l.’t t!~c rational me of raiiation shoulJ conform

to levels of safec:: to [Isers and the pIllJliC which are at least as

strin;cnt .as tl~ose ~c:!ieved fdr other ~~werful a:ents. Continuin~ and

chronic exposure attributable to peaceful uses of ionizing radiation

are 3usue2.

..12 .TGU<’11.i: .3:IG1C...! :’;2 :LGSU::L)CIJnCjf i10-t!i:2sIluiJ jdsd-.?lfc~~s

relationship and uses the term “dose linits” in providing Guidance on

population exposures. All radiation exposures are to be kept as low as

practicable. The numerical values of exposure as presented are to be

interpreted as recommendations, not re~ulations. Use of t!le no-threshold

:~~c~~t iIIVOl,JCS CYd t~:~si~ ~~at :h~:g :s ~c e~~,o~~rc linit free frcn

sone degree of risk.

To establish criteria, IIC?P uses the concept of “acceptable risk” (where

the risk is compensated by a demonstrable benefit) ‘broken do{m to fit

classes of individuals or population groups exposed for various purposes

to different quantities of radiation. I1umerical recommendations for Jose

limits are necessarily arbitrary because of their nixed technical value-

jud~ment foundation. The dose limits for individual members of the public

and for the avera~e population recommended by IIC?C represent a level of

ris!: considered to be so small compared with other hazards of

Worzerly ‘mmm ,3s the TJcational Comittce on ?.adiation ?rotaction

life, and

and j!easurenents.



7or ?eaceful uscs of radiation, HCW proviJes yearly numerical dose linits

and strongly ad.Jocatcs naintmance of Im.rest practicable exposure levels,

ations and recomends tl~e sane value as TCY of 5 rem in 311 years for

Whole body

Gonads
3/

Gonads (alternative—
objective)

TABLE III

1/NCRP DOSE LIMITS–

Individual Population

0.5 rem/yr 0.17 rem/yr

0.17 rem/yrz’

5.0 rems/30yrs

~/ For conditions and qualifications on application, see NCRP Report
No. 39, ffBasic Radiation Protection Criteria. “

2/ Tobe applied as the average yearly value for the population of—
the United States as a whole. See paragraph 247, NCRP Report No. 39.

3_/ See paragraph 247, NCRP Report No. 39.



I). Criteria Against Which Survev Findings and ,Iltemative !!easures Will Be

Evaluated

The Task Group approached the question of radiatfm dcse criteria frcn

two directions. First, FRC, ICRP, and llCI@ recommendations reviewed

approach was reviewed using information fron ICIU?, W?SCILIIl, and the

The radiolo~ical Gurvey of Enewetak Atoll provides a conprchensive data

base needed to derive recommendations relative to the radiologically safe

return of the Xneuetak people. These recommendations are to be based on

an evaluation of the sipificance of all radioactivity on the Atoll in

terms of the total exposure to he expected in t!~e returnin~ population,

and on consideration of those reasonable actions and constraints which,

where raade, will result in mininun exposures.

The guidelines used in deri~~ing these recommendations can be summarized

as two interdependent considerations:

1. Expected exposures should be

consistent with guidance put

(FRc).

nininized and should fall in a range

forward by the Federal ?.adiation Council

7-. Actions taken to reduce exposures should be those which show promise

of si~mificant exposure reduction when weizhed against total expected

exposures and the “costs” of the actions. “costs,” in this context,

are measured primarily in terms of costs to the Enewetak people as

constraints on their activities or as dollar costs for cleanup or

renedial action.



In these evaluations, it should be emphasized t!lat dosa~es t!lrough various

pat!lways are estimted iIn t~le basis of environmental Jata and consi3eratims

of emected living patterns and dietary ?labits. While “radiation stcuxiards”

do not exist for environmental conta:.tination levels in substances sucil as

soil and foodstuffs, tilere is general a~rcement in terms of conservative

:w’els of tFLsse patll~.c~:rs 2:;:1 C:.e rda~io:lsl:ips bet~een a certain level in

the environment and the lil:e~] dose to result from the pathway exposure.

The area of plutonium in soils, however, is one for which there is no

general agreement as to the quantitative relationship between levels in

3oils and dosages to be expected throuzh the inhalation pathway, the

primary one throu:h whic]l man cm receive a si,~ificant dose from

?I:ltoniun. T.1e T.Cp.mTCCJ-.C-I.JS .3 m::i.mn p~m.issilble avcr:ge comer.tr~tim

(PC) of 1 picocurie per cubic meter (pCi/n3) of air for “insoluble”

plutonium and 0.06 pCi/n3 for “soluble” plutonium for unrestricted areas.

!lhile the plutonium in the soil at Eneweta!: is thought to be typical of

world-!ride fallout, and therefore insoluble, ‘3.36 ?Cf/n3 will be used

for the sake of conservatism.



i ‘dCC:i- :2;?s>:-:, ‘. ‘7:) ‘,:J I ;.: rin scl~il..~.! ~.;r ‘l:: -..:n:n i:l ‘~(7ilG

L,I-5423-:U ~ presents recmnenJations derived from estimates of exposure

through inhalation considerinfl the concentration of 2391% in the very top

surface soil. The followinz values were recommended:

403 pci/: - For all particle sizes provided no more than

230 uC1{:; i:l< lQ:ITw size fraction.

.1 revised ;faximn Permissible Concentration, ! !PC, of 9.3 pCi/a3 for

individuals was used in these determinations. The estimates apply to

large area contamination. Levels several tines larger could be permitted

for localized deposition.

The Task Group recognizes that the islands of Enewetak Atoll are small

and t!lat t!le areas of hi@est 239Pu in SOiI on these islands are snaller

still. On the other iland the people live close to the soil. It is also

reco,qized that experts are not in agreement as to the critical organ for

inhaled plutonium, vhetiler to use an average dose for this organ, or tile-~—--- -——. .. . .. 1
—————’— -— _

--- -
‘+ ‘~;, * ~model to be used to predict dose. . . -.-.‘,,

--
,, ye~-f .Ie%&Ie.aaproach to co ‘
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1. Any areas or locat~,ms ‘.:j~ar~ soil concentrztims of 2327u are ~rcater

than 400 pCi/U should receive corrective action with contamimted

soil renoved for Jisposal.

2. Situations with soil levels

cocrectivc .l.~~~.i .li~~~ :aCll

case basis.

in the 40 to 400

.~rea or location

The followinfl ~uidmce is provided for this evaluation:

a.

‘>.

c.

d.

e.

Islands with soil levels in the

categories, those of sufficient

ilouses, and those that are not.

above range my be divided into two

size for construction of pernanent

%mc-n”al of 239?u ccr.tQnin.iteJ soil is Letter justified :Jit!lia tile

range above for the hrger islands SUCh as J.V7ET or S.ULY wlmre

pcmanent !Iousiilg nay someday be located and for near surface

locations on the larger islands. —
‘.-~<’vi&’..*

IIle smiler islands nay be considered of less concern. Their ~

outlook is uncertain since they are sometines increasing in size and

sometimes errodia~ avtay. 2nall islands n~y be washed over 5:? stora

waves and are not a safe site for pemment housinS. I%on t!lat

vievpoiat, they arc in t!le sane category as unnamed samhars along

the reef where other islands tiy have disappeared or be fominq.

The amount of effort that properl;z nay be given to soil renoval in

t!~is range increases as the soil concentration increases.

IMce actfOn is ~ t<aken, t!le ol>.jective is to .~chicvz
/

.2 substantial r?duccioa in plutoniun soil concentratioils, .m.l c
lurt!i~r,



3. Areas or locations sho~in!: ‘.ess t!lan 40 pCi,’Z do not require corrective

action because of the presence of plutonium alone.

wt. -13
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F.-, %corrnended ~uides

IT.C arc rl:comcn.ie.! as the basic ~uid.mce for

to individuals to Zne\7cta!:. This is reconmnded

exposures of

known.

3. Zxposures of

level.

individual nenbers of the 2newetak ?opulation wizl 52

the Ikewetak ~eople are kept to tile mininun practicable

Stirvc\*, Cleanu~, LXIJ Re!labilitation CV31U~tiOIl

It is recormendcd in t~lis context that:

1. The I’!lC Radiation I%otection (hide (Z’I’Gfs) for individuals siloulcl ‘bc

used as the basic standard. The requirement is to assure that exposures

for continuous residence in Enewetak .Itoll vill be well vit!lin tile

annual and 30 year criterion. ~lhile thzse are conservative standards
C!A:’-A’Z

from a healt!l view ?oint, there is no conservatism to account

for uncertaint:r in ;>rediction of annual exposures to individuals.

lkcause of t:~e corrplex circ?unstances of cxno.sure snd t!le :~ny ?<3t!n7t3ys,



of t!le IRC annual standards for evaluation of the many cleanup and

reil<abilit:ition alt.smatives at Ihewetak Atoll. This is not to be

viewed ,as an atte~yt to establisil aew standards but is considered to

“1-ccaution in the application of current standards.!]e a xecessary ..-

The following values apply for evaluation of alternatives:

/:Zlold >ody . . . . . . . . . . . . . . j.25 ‘km yr

Bone marrow . . . . . . . . . . .“. . 0.25 Ren/yr

Zone . . . . . . . . . . . . . . . . . 9.75 !Wnlyr

Thyroid . . . . . . . . . . . . . . . 0.75Rem/yr

7-. The Task Group recommends use of 1!)0 percent of the ?RC NW% to

evaluate post cleanup and rehabilitation and post return conditions

wherein !Ircct neasurecxmt of Ieve:s of radiation aiid radioactivity

in foods and in people are made. Under such conditions, dose

estimates should be subject

is to assure that exposures

Section .1. of this .Ippendix

3. T.le criteria for evaluatin.q

be 4 rem in 33 years. The

to much less uncertainty. The requirement

are well wit!lin the ZLC standards. See

for the HtC !U?C’s.

gonadal exposures at Znewetak .\toll should

requirement is to assure that long term

exposures will be well within this criteria. The Tasli Group feels

justified in usin~ SO percent rather than 50 percent of the FRC

standard since there will be ample time to verify exposure estinates

usin~ actual sampling of the diet and time to follow the ch.an~in:

?attcrn of exposures of people.

ml -15



.

assumed that if annual

in the year of l~i~hest

Ionser tern cumulative

exposures do not e::ceed the applicable criteria

dose , there will not be a requirement for linitins

exposures. on the other hnncl, inplenentation of

extent practi~ablc.

I v



7. Ttisl: Considerations

review t!lat knovled~e of the mlationsilip ‘bztween radiation dose and

?ffccts of t:lac dose ‘:7. :Pa:l = ~;:~=ac~erf-~~~ 5:, ~o~~-~ff~~t .:,~r~~es ~~

incomplete even for e::tcrml radiatio~. exposures. For intcrml emitters

and particularly for plutonium, the situation is even less SatiSfaCtOr~.

‘JWC21R !las sumarized t!~eir fundinss by statin,q that one should not

extrapol<lte in a linear fas;lion from effects seen at ~ti~il doses and Jose

rates to effects at 10IJ doses and dose rates ?ince there is stron~

likelihood of recovery and re?air. The Y1?. Connittee, using only hunan

data, concluded that since the low dose data were incomplete, one should

conservatively assume a l:near no-threshold dose-affect curve dra~m

t!lrough data obtained at hi~!l doses and dose rates. The Committee further

suxilested that if t~lis linear no-t!lre~l~old curve iS assumed to be correct,

it follows t!mt 6,000 cases of cancer would be produced each year in a

population of 200,0.90,:33.3 people e:k~osed at a rate of 0.17 Rem/yr.

(This is the XtC 22G for population groups - see Table I.) For the

~neweta!c population of less than 500 exposed at the same lcvel~ one can

make tile follovins estimate:

6 x 153 sases/:lr :: 532 jeople = 1.5 x 10-2 cases of cmcer/yr

2 :{ 108 people



~..> &posure at the level of the recommended criterion of 0.25 Nm/yr would ~:~.~
.. “ .,. -- ..--. __

—. . I –2

4.
e

P
,1’i’J

fdil=~ ‘- - &ing a linear dose-effect cur~~,~ -
u=~

cases per year. The Task Group views this as a pessimistic upper limit

of risk. It could be inferred that

cases of cancer in 100 years if the

continuously exposed to 0.25 P.ctn/yr

<

,, .(,. -~aCli okfconf~~ence in extrapolation

into the very low dose and low dose,

there may be between zero and three

entire Enewetak population were

over that tine period.

of high dose and dose rate effects

rate situation. ~ra@oa=m&

the fact th”~t for alternatives being considered for cleanup and.
A

&

+-:-wL:.,&F:;
rehabilitation, st of the exposure to wh%ie body and in fact to all

)

organ~~co.c# fro. internal etitters,~ ~e shape of the dose-effect
““f J- ,... -PC-W*4-- ,’,, -- -,

curve,is most uncertain. -lack of confidence in the statistics and

#oJ’
risk estinate drawn therefrom ~ led the Task Group to have serious

resemations about their validity. The Task Grou?,holds the opinion-.

that such estimates can not be

conclusions on whetl~er current

low or as a basis for decision

used in any way to draw

radiation standards are too hi~h or too

llX31iiIlgrelative to resettlement of

“inewetak Atoll. Uhile the risk associated with doses at the level of

current standards is possibly not zero, it is viewed as being very low

as described by FRC, ICRP, and YCRP. The basic FRC standards,

consematively applied, are viewed as suitable

provided there is also a serious and concerted

for Enewetak rehabilitation

effort to keep exposures

m low as practicable.


